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1 0 1 99 630 2

A NEW SUBSTITUTED AZETIDINONES, PHARMACEUTICAL COMPOSITIONS CONTAININGJHEM. AND -

THEIR USE FOR THE MANUFACTURE OF ANTI-INFLAMMATORY AND ANTIDEGENERATIVE MEDICAMENTS

BACKGROUND OF THE INVENTION

We have found that a group of new substituted

azetidinones are potent elastase inhibitors and

therefore are useful anti-

inflammatory/antidegenerative agents.

Proteases from granulocytes and macrophages

have been reported to be responsible for the

chronic tissue destruction mechanisms associated

with inflammation, including rheumatoid arthritis

and emphysema. Accordingly, specific and selec-

tive inhibitors of these proteases are candidates for

potent anti-inflammatory agents useful in the treat-

ment of inflammatory conditions resulting in con-

nective tissue destruction, e.g. rheumatoid arthritis,

emphysema, bronchial inflammation, osteoarthritis,

spondylitis, lupus, psoriasis, atherosclerosis,

sepsis, septicemia, shock, periodontitis, cystic fi-

brosis and acute respiratory distress syndrome.

The role of proteases from granulocytes, leu-

kocytes or macrophages are related to a rapid

series of events which occurs during the progres-

sion of an inflammatory condition:

(1 ) There is a rapid production of prostaglan-

dins (PG) and related compounds synthe-

sized from arachidonic acid. This PG synthe-

sis has been shown to be inhibited by

aspirin-related nonsteroidal anti-inflammatory

agents including indomethacin and phenyl-

butazone. There is some evidence that prot-

ease inhibitors prevent PG production;

(2) There is also a change in vascular per-

meability which causes a leakage of fluid

into the inflamed site and the resulting ede-

ma is generally used as a marker for mea-

suring the degree of inflammation. This pro-

cess has been found to be induced by the

proteolytic or peptide cleaving activity of

proteases, especially those contained in the

granulocyte, and thereby can be inhibited by

various synthetic protease inhibitors, for ex-

ample, N-acyl benzisothiazolones and the re-

spective 1,1-dioxides. Morris Zimmerman et

al.. J, Biol. Chem. . 255 . 9848 (1980); and

(3) There is an appearance and/or presence

of lymphoid cells, especially macrophages

and polymorphonuclear leukocytes (PMN). It

has been known that a variety of proteases

are released from the macrophages and

PMN, further indicating that the proteases do

play an important role in inflammation.

5 In general, prcueases are an important family of

enzymes within peptide bond cleaving enzymes

whose members are essential to a variety of nor-

mal biological activities, such as digestion, forma-

tion and dissolution of blood clots, the formation of

to active forms of hormones, the immune reaction to

foreign cells and organisms, etc.. and in pathologi-

cal conditions such as the degradation of structural

proteins at the articular cartilage/pannus junction in

rheumatoid arthritis etc.

75 Elastase is one of the proteases. It is an en-

zyme capable of hydrolyzing the connective tissue

component eiastin. a property not contained by the

bulk of the proteases present in mammals. It acts

on a protein's nonterminal bonds which are adja-

20 cent to an aliphatic amino acid. Neutrophil elastase

is of particular interest because it has the broadest

spectrum of activity against natural connective tis-

sue substrates. In particular, the elastase of the

granulocyte is important because, as described

25 above, granulocytes participate in acute inflamma-

tion and in acute exacerbation of chronic forms of

inflammation which characterize many clinically im-

portant inflammatory diseases.

Proteases may be inactivated by inhibitors

30 which block the active site of the enzyme by bind-

ing tightly thereto. Naturally occurring protease in-

hibitors form part of the control or defense mecha-

nisms that are crucial to the well-being of an or-

ganism. Without these control mechanisms, the

35 proteases would destroy any protein within reach.

The naturally occurring enzyme inhibitors have

been shown to have appropriate configurations

which allow them to bind tightly to the enzyme.

This configuration is part of the reason that inhibi-

40 tors bind to the enzyme so tightly (see Stroud, "A

Family of Protein-Cutting Proteins" Sck Am. July

1974, pp. 74-88). For example, one of the natural

inhibitors, a .-Antitrypsin, is a glycoprotein contai
^

ed in human serum that has a wide inhibitory^

45 specirum covering, among other enzymes, elastase

both from the pancreas and the PMN. This inhibitor

is hydroiyzed by the proteases* to form a stable

acyl enzyme in which the active site is no longer

available. Marked reduction in serum a,-antitrypsin,

so either genetic or due to oxidants, has been asso-

ciated with pulmonary emphysema which is a dis-

ease characterized by a progressive loss of lung

elasticity and resulting respiratory difficulty. It has

55
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been reported that this loss of lung elasticity is

caused by the progressive, uncontrolled proteolysis

or destruction of the structure of lung tissue by

proteases such as elastase released from leuko-

cytes J. C. Powers. TIBS . 21 1 (1976). 5

Rheumatoid arthritis is characterized by a pro-

gressive destruction of articular cartilage both on

the free surface bordering the joint space and at

the erosion front built up by synovial tissue toward

the cartilage. This destruction process, in turn, is io

attributed to the protein-cutting enzyme elastase

which is a neutral protease present in human

granulocytes. This conclusion has been supported

by the following observations:

75

(1) Recent histochemical investigations

showed the accumulation of granulocytes at

the cartilage/pannus junction in rheumatoid

arthritis; and
20

(2) a recent investigation of mechanical be-

havior of cartilage in response to attack by

purified elastase demonstrated the direct

participation of granulocyte enzymes, espe-

cially elastase, in rheumatoid cartilage de- 25

struction. H. Menninger et al.. in Biological

Functions of Proteinases . H. Holzer and H.

Tschesche. eds. Springer-Verlag, Berlin. Hei-

delberg, New York. pp. 196-206. 1979.

Accordingly, an object of this invention is to

discover new protease inhibitors, esoecially

elastase inhibitors, useful for controlling tissue

damage and various inflammatory or degenerative

conditions mediated by proteases particularly

elastase.

Another object of the present invention is to

provide pharmaceutical compositions for adminis-

tering the active substituted azetidinones as prot-

ease inhibitors especially human leukocyte

elastase.

Stil! a further object of this invention is to

provide a method of controlling inflammatory con-

ditions by administering a sufficient amount of one

or more of the active, substituted azetidinones in a

mammalian species in need of such treatment.

DETAILED DESCRIPTION OF THE INVENTION

This invention relates to potent elastase inhibi-

tors of formula (I) which are useful in the preven-

tion, control and treatment " of

inflammatory/degenerative conditions especially ar-

thritis and emphysema.
A large number of the azetidinone derivatives

of formula (I) are known antibiotics which have

been described in patents and various publications.

The formula of the substituted azetidinones

which are found to exhibit anti-inflammatory and

antidegenerative activities by the present invention

are represented as follows:

R ^

O

-K-r- (I)

wherein

R can be at the a or the ^-position and is hy- ^
drogen, straight or branched loweralkyl especially

Ci^alkyl. such as methyl, ethyl, n-or i-propyl, butyl,

pentyl or hexyl; or loweralkyl substituted with a

radical R4
as defined below; or halo such as fluoro.

chloro or bromo; so

R 1 can be at the o-or the ^-position and is

(1) OB or -S(0)nB wherein B is as defined

below and n is 0. 1 or 2;

(2) Straight or branched loweralkenyl espe-

cially C^alkenyl such as vinyt, allyl,

-CH,CH = C(CH,)„ and -CH,CH,CH = CH,;

(3) loweralkyl as defined above;

(4)

55
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H
i

H H
I

(4) acyl amino e.g. CHON-; CF
3
CON-, CH

3
CON-,

CONH- ,
CgH^^CONH-

;

/

or

(5) amino;

(6) Straight or branched loweralkynyl group

especially C3^alkynyl such as -C-CH, -CH,-

C-CH and -CH,CH,-OCCH,;

(7) An aryl group having 6-10 carbon atoms

as described below such as unsubstituted or

substituted phenyl, for example phenyl, p-

methoxyphenyl, m-aminosulfonylphenyl;

(8) heteroaryl such as unsubstituted or sub-

stituted furyl. thienyl, thiazolyl. pyrryl.

B

10

75

20

pyrimidinyl. pyridyl. oxazciyl. tetrazolyl or

* imidazolyl wherein the substituents are as

those described for substituted phenyls;

(9) aralkyl especially phenyl Chalky I such

as benzyl, phenethyl or p-methoxybenzyi;

(10) halo such as F. CI. Br or I;

(11) Ns;

(12) hydrogen; or

(13) R and R 1 may join together and form

or

B.

(oxo) wherein B and B
1

30

independently are as defined below; R* and

R3 can be at the o or the jS-position and are

independently

(1 ) B as defined below;

(2) -CONBBt wherein B and B, indepen-

dently represent

(a) H;

(b) straight or branched aikyl having from 1

to 20 carbon atoms, preferrably C i^alkyl

such as methyl, ethyl, isopropyl. t-butyl, pen-

tyl or hexyl;

(c) aryl having from 6 to 10 carbon atoms

such as phenyl;

(d) cycloalkyl having from 3 to 8 carbon

atoms especially cyclopropyl cyclopentyl or

50

cyclohexyl;

(e) straight or branched aikenyl having from

2 to 20 carbon atoms, for example, ally!;

(0 straight or branched alkynyl having from 2

to 20 carbon atoms, for example. -OCH;

(g) aralkyl. alkaryl, aralkenyl. aralkynyl. aJ-

kenylaryl or alkynylaryl wherein alkyl. aryl.

aJkenyl and alkynyl are as previously de-

fined;

(h) heteroaryl comprising monoheteroaryl. di-

or polyheteroaryl. or fused heteroaryl con-

taining from 1 to 3 of any one or more of the

heteroatoms N, S or O in each heteroaryl

ring thereof, for example, pyridyl, pyrryl.

thienyl, isothiazolyl. imidazolyl. tetrazolyl

such as

55
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such as

i

CH
2
OC

6
H
5

pyrazinyl, pyrimidyl. quinolyl. isoquinolyl. be-

nzothienyl, isobenzofuryl, pyrazolyl, indolyl.

purinyl. carbozolyl. isoxazolyl and the (ike;

(i) heteroarylalkyl such as 2-pyridylmethyl, 2-

thienylmethyl and 3-isothiazolylethyl; or

(j) heterocycloalkyl e.g., 1 ,3-dioxacyclohex-4-

yl, piperidino, morpholino. oxacyclopropyl,

pyrrolidine benzothiazolino. imidazolidino,

pyrazolidino, and piperazino;

(k) heterocycloalkenyl such as pyrrolino, 2-

imidazolino. 3-pyrazolino or isoindolino;

the above groups (a)-(k) can be unsubstitut-

ed or can be substituted by one- or more

radical R4 which represents loweralkyl.

hydroxy, loweralkoxy, halo, nitro, loweralkyl-

thio, arylthio. mercapto, amino, monoalkyl or

dialkyl substituted amino, cyano, carboxy,

loweralkanoyl. aminosuifonyl, aminosulfenyl,

aminosulfinyl. carbamoyl. carbamoyloxy,

SO,R*. -S(0)„R*. -P(0)qR* where q is 1 or 2

or 3 and R* is H.Ci^alkyl. or aryl as pre-

viously defined, azido. carboxamido or N-

substituted carboxamido;

(3) -S(0)„B;

(4) -S(0),NBB.;

(5) -N(B)S(0),B.:

(6) -P(0)qBB,;

(7) -C(0)B especially acetyl, benzoyl, e.g., p-

chlorobenzoyl. p-methylbenzoyl and p-

aminosulfonylbenzoyl;

(8) -OB;

(9) -COOB or -OC(0)OB or OC(0)-NB B,:

(10) -0-C(0)-B especially Ci^alkanoyloxy

such as acetyloxy;

(11) cyano;

w

75

20

25

30

35

40

45

50
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(12) -S-C(0)-B especially C^alkanoylthio

such as acetylthio; or

(13) R a and R 3 may join and form =C(B,)(B)

and =0(OXO);

A is (1) -O-C(0)-B;

(2) -S(0)nB;

(3) -S(O) „NBB,;

(4) -C(0)B;

(5) S0 3-M* where in M represents

(a) an alkali anion such as Na*. K*; or

(b) a quaternary ammonium group of formula

N*(R*)*. for example. (n-Bu) 4N*;

(6) substituted or unsubstituted phosphoryl

or phosphonyl such as -P(Oa)(R*), or -P(O)-

qR*:

(7) -C(0)NBB,;

(8) -C<0)OB especially alkoxycarbonyl,

e.g.. methoxycarbonyl. and -ethoxycarbonyl;

(9) halo Chalky! such as trifluoromethyl;

(10) halo;

(11) -OB especially -0-CH,-substituted or un-

substituted phenyl for example, -OCH»C»H»; -

OCH,-C.H4-OCH,;

or OCH 1C,H.N01 ;

(12) silyl such as -Si(CH,),(t-Bu);

(13) B especially H. Ci^alkyl. phenyl or sub-

stituted phenyl. -CHR4X where R* is as pre-

viously defined and X is a good leaving

group comprising OAc, SAc. halogen, OR*.

SR*, SOR*. SO,R*, OTs. OCOCF,. and mesyl
wherein Ac is acetyl; and Ts is tosyl.

5
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Preferably, the compounds of the present in-

vention are of formula (1) wherein:

R is hydrogen; or loweralkyl;

R 1

is

(1) OR*;

(2) C ,-ealkyl;

(3) C^aikenyl;

(4) hydrogen;

(5) azido (N a );

(6) chloro or fluoro; or

(7) phenyl or subsituted phenyl; R* and Rs

independently are

(1 ) hydrogen;

(2) S(0)nRs
;

(3) COOB;

(4) COONBB.; or

(5) OB; A is

(1) SORs
;

(2) SOaR4
;

(3) COOB;

(4) C(0)B;

T5

20

25

30

35

40

(5) CONBB,;

(6) substituted or unsubstituted phenyl such

as p-methoxyphenyl, p-nitrophenyl and p-

methylphenyl.

Even more preferably, the compounds of the

present invention are of formula (I) wherein R is

hydrogen or Ci.3 alky!;

io R 1

ts

(1) hydrogen;

(2) Ci^alkyl;

(3) Ci-salkoxy such as methoxy;

(4) Ci^alkenyl; or

(5) substituted or unsubstituted phenyl; R2
is

hydrogen;

R J
is

(1) S(0)nRs
;

(2) CONBB,;

(3) COOB; or

(4) substituted or unsubstituted phenoxy; and

A is

(1) C0,FU;

(2) CONHR*;

(3) SO,R*;

(4) aroyl such as benzoyl

The compounds of the present invention are

either known or are prepared among other methods

45 by the following representative schemes.

so

55
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Scheme fa) as illustrated by Examples 16-19

K

^ J KK

Ac. CK-,0

Bise

OH (A)

AX or A,0

(A)

(anhydride) R * f

Base
(B)

°~ Nv
CK

2
C

(B)
Oxidati

—NV

Oxidatio^

N:h
2
oa N:h

2
oa

35

wherein Y is -NO,, -CH,. -OCH,. -CI. -F. etc:

X is halo. e.g.. CI. Br or I;

A is as previously defined. 40

Scheme fb) as illustrated by Examples 1-4.

J NK

AX

or A.,0 (when A » alkanoyl)
* OA

K1

it'

55
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wherein X is halo;

A is as previously defined, e.g.. -S0 3-(p-NO,-Ph), -

COCHj. -CH,OTs, etc. wherein Ph represents sub-

stituted or unsubstituted Phenyl. 5

Scheme (a) as illustrated by Examples 5-15

wherein 45

R* is H. CF3 , CH„ etc.;

Y is as previously defined; and CAN is cerric

ammonium nitrate. so

55
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scheme (d) as illustrated by Examples 2-3.

.1 -1

16

OCOCH. R

+ C1S0
2
K=C«0

OCOCK
3

c^heme (e) as taught by M. A. Krook and M. J. Miller

(j. Org. Chem., 1985, 1126-1128), the following

type of compounds can be prepared.

OHRH.Nvr ^ MsCL

o
J—mKriOCH 2

Ph

RHN

« J -*K

OK

A NH0<NH0CH
2
Ph

RHN v

O

J,
t-BuOK

J ^̂CH^PI

Scheme (0 as taught by Hart. O. J. et al.. (J.

Org. Chem.. 48, pp. 289-294. 1983); the following

class of compounds can be prepared.

30

R-CHO + Ll-N

R s

CH-CO-R
R ^ *

I

Si-
I

Si-
I

2 '

-> R -CH-K-Si-

LDA

-78

c-c;
0 L
f J

R" 0 R

1 NH

45

wherein R* is as previously defined. Scheme (g) as taught by P. J. Reider and E. J.

J. Grabowski (Tet, Lett. . 23, p. 2293, 1982): the

following groups of compounds can be prepared.

50

55
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/
C00H DB.OH/H

CH,CK
2
ra

2
2)t-BuSi(CK

3
)
2
CL

COOK 3)BuMnCL
£ NH i

(O

.OCOCK •

I,
(CY

JCQCte

(C)

wherein R 1

is as previously defined.

This invention also relates to a method of treat-

ing inflammation in patients using a compound of

Formula (I), particularly an especially preferred

compound as the active constituent.

75

20

It has been found that the compounds of For-

mula (I) have anti-inflammatory and/or anti-degen-

eration activity and are effective in the prevention
and inhibition of edema and granuloma tissue for-

mation as shown below in Table I by the effective

inhibition of the proteolytic function of human
granulocyte elastase.

25

30

35

40

45

SO
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F

(

1

H

0

R
3

1

1

AR V

H H SOCH, COCH,

bu

10

H H OCOCH^ C0CH
3

3

H C
2
H
5

ococh
3

H 15

H
Z 3

OCOCH, COCH,,
3

0.1

H n-propyl OCOChT
3

COCrL
3

0.01

H C-H ftrans)
b d

COOC H
Z b

H 10

H H COOCH,C.H_
Z 0 5 Z 0 O Z

3

3
OCOCH

3
COCH.

3
0.5

H C.H (trans)
0 D

COOC.H
^ d

SO (p—C,H -+W )
Z 0 d Z

4

H C,Hc (cis) COOC,H SO,(p-C-H -NO ) 3

2

H OCOCH
3

S0
3
(Bu)

4
N 8

H CH
2
-CH-(cis) COOC

2
H
5

S0
2
(p-C

6
H
4
W

2
) 0.02

H C
2
H
5
-(cil) cooc

2
m
5

S0
2
(p-C

g
H
4
N0

2
) 0.05

H C
2
H
5
-(tr»ns) COOC

2
H
5

S0
2
(p-C

6
H
4
N0

2
) 0.01

H C
2
H5"(tr*nS> COOC

2
H
5

S0
2
(p-C

g
H
4
CH

3
) 0.01

H n-CjH -(ell) cooc
2
h
£

S0
2
(P~C

6
H
4
N0

2
) 0.06

H CH
3
CH

2
-CH-(ci») COOC

2
H
5

S0
2
(p-C

6
H
4
N0

2
) 0.05

H CH
2
-CH- P-(C

6
H
4
-W

2
). H 1.5

50
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TABLE II

R ^

O

R R
1

R
3

A

i .

Ki k2/Ki

(M-1Sec~

H H soch
3

coch
3

10.00

H H ococh
3

cocn
3

3.00

H C
2
H
5

ococh
3

H 15.00

H C
2
H
5

ococh
3

C0CH
3

0.10 0.36 15100

H n-propyl ococh
3

coch
3

0.01

H C
6
H
5

<tr*ns) cooc
2
h
5

H 10.00

H H COOCH,C.HeZoo S0
2
(p-C

6
H
5
-N0

2
) 3.00

CH
3

ococm
3

C0CH
3

0.50

H C
6
H
s

(tr*n$) cooc
2
h
5

S0
2
(p-C

6
H
5
-N0

2
) 4.00

H C
6
H
S

(ci$) cooc
2
h
5

S0
2
(p-C

6
H
5
-N0

2
) 3.00

H CH
3
0 CO0CH,C-Hc

4L 0 5
C0CH

3
2.00

H n-propyl ococh
3

S0
3
(Bu)

4
N* 8.00

H C
2
H
3

(cis) C00C
2
H
5

S0
2
(p-C

6
H
5
-N0

2
) 0.02

H C
2
H
5

(cis) CO0C
2
H
5

S0
2
(p-C

6
H
5
-W

2
> 0.05 3925

H C
2
H
5

(trans) C00C
2
H
5

S0
2
(p-C

6
H
5
-N0

2
) 0.05 39300

H C
2
H
5

(trans) C00C
2
H
5

so
2
(«m:

6
h
5
^h

3
) 0.01

H n-propyl (trans) C00C
2
H
5

S0
2
(p-C

6
H
5
-N0

2
) 0.06

H CH
3
CHCH (cis) cooc

2
h
5

S0
2
(p-C

fi

H
5
-N0

2
) 0.05

H CM CH p-(C
6
H
5
-N0

2
) H 1.50

H C
2
H
5

OCOCH
2
CH

2
COOH COCH

3
2.00 4514

H C
2
H
$

(trans) OCOPh COCH
3

0.19 81000

55
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R

JABLE 11 (Continued)

R
3

IC
50

Ki

(VA*)

k2/Ki

(M-lSe:"

H C H
2 S

(cis) OCOPh rr\ru 0.21 285::

H
2 5

OCOCH^ rr\ru ru rrv^uLUCn^Ln^CUUH 1.43 225:

H
2 5

(cis) WW' n O.U

H
2 5

(trans) COPh 0.34 765::

H
2 5

(trans) OPh COCH^ 4.30 5270

H
Z b

(trans) 0C
2
H
5

coch
3

11.90 1670

H C
2
H
S

(trans) OPh-p-COOH coch
3

3.40 8727

H C
2
H
5

(trans) OPh-p-COOH cooc
2
h
5

2.10 8650

H C
2
H
5

(trans) OPh-p-COOH C0NHCH
3

16.50

H C
2
H
5

(CIS) C0N(CH
2

)
4 »2(p-C

6
H5-CH

3
) 27.70 5*'

H C
2
H
5

(cis) CCOCH C
£H -p-COOH S6

2
(f>
"C

6
H5-CH

3
) 4.20 295

H C
2
M
5

(cis) CON(CH
3
)CH

2
COOH 22.00 165

is the effective dosage in micrograms per milliliter (|ig/ml ) for 50*

inhibition of the enzyme activity two minutes after time zero. Ki is the

concentration of the inhibitor (micromolar. yM) giving SOX of the control

enzyme activity. k2/Ki (H-l sec"
1

) is the second order rate constant of

inactivation of the enzyme.

Protocol -Enzyme Assays for the Inhibition of

Human Polymorphonuclear Leukocyte Elastase Via

Hydrolysis of N-t-boc-alanvl-alanvl-orolylafanine-D-

nitroanilide

Reagents:

0.05M TES (l^tris[hydroxymethyl]methyl-2-

amino-ethanesulfonic acid) Buffer. pH 7.5.

0.2 mM N-t-Boc-alanyl-aianyl-prolyl-aianine-p-

nitroanilide (Boc-AAPAN).

To prepare substrate, the solid (m.w. 550) Was

first dissolved in 10.0 ml DMSO. Buffer at pH 7.5

was then added to a final volume of 100 ml.

Crude extract of human polymorphonuclear

leukocytes (PMN) containing elastase activity.

Inhibitors (azetidinones) to be tested dissolved

in DMSO just before use.

35

40

50

55

Assay Procedure:

To 1.0 ml of 0.2 mM Boc-AAPAN in a cuvette.

0.01-0.1 ml of DMSO with or without inhibitor was

added. After mixing, a measurement was taken at

410 mu to detect any spontaneous hydrolysis due

to presence of test compound. 0.05 Milliliters of

PMN extract was then added and the AOD/min at

410 mu was measured and recorded. Beckman

model 35 spectrophotometer was used.

Results:

Results in Table I were reported as ICv>, i.e.,

effective dosage in micrograms per milliliter -

(ug/ml) for 50% inhibition of the enzyme activity 2

minutes after zero time.

Alternatively, results in Table II were expressed

as Ki. the micromolar concentration of the inhibitor

(tiM) giving 50% of the control enzyme activity; or

as k2/Ki which is the second order rate constant in

per mole per second for inactivation of the enzyme.

13
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Comments:

The elastase activity in the crude PMN extract

may vary from one preparation to another. A con-

trol of each new batch is run. and the volume
adaed in the assay procedure is adjusted accord-

ing to activity.

Accordingly, the compounds of Formula (I) can
be used to reduce inflammation and relieve pain in

diseases sucn as emphysema, rheumatoid arthritis,

osteoartnritis, gout, bronchial inflammation, athero-

sclerosis, sepsis, septicemia, shock, periodontitis,

cystic fibrosis, infectious arthritis, rheumatic fever

and the like.

For treatment of inflammation, fever or pain,

the compounds of Formula (I) may be administered

orally, topically, parenterally. by inhalation spray or

rectally in dosage unit formulations containing con-
ventionaJ non-toxic pharmaceutically acceptable

carriers, adjuvants and vehicles. The term paren-

teral as used herein includes subcutaneous injec-

tions, intravenous, intramuscular, intrastemal injec-

tion or infusion techniques. In addition to the treat-

ment of warm-blooded animals such as mice. rats,

horses, dogs, cats, etc., the compounds of the

invention are effective in the treatment of humans.
The pharmaceutical compositions containing

the active ingredient may be in a form suitable for

oral use. for example, as tablets, troches, lozenges,

aqeuous or oily suspensions, dispersible powders
or granules, emulsions, hard or soft capsules, or

syrups or elixirs. Compositions intended for oral

use may be prepared according to any method
known to the art for the manufacture of pharmaceu-
tical compositions and such compositions may
contain one or more agents selected from the

group consisting of sweetening agents, flavoring

agents, coloring agents and preserving agents in

order to provide pharmaceutically elegant and pal-

atable preparation. Tablets contain the active ingre-

dient in admixture with non-toxic pharmaceutically

acceptable excipients which are suitable for the

manufacture of tablets. These excipients may be
for example, inert diluents, such as calcium car-

bonate, sodium carbonate, lactose, calcium phos-

phate or sodium phosphate; granulating and dis-

integrating agents, for example, com starch, or

alginic acid; binding agents, for example starch,

gelatin or acacia, and lubricating agents, for exam-
ple magnesium stearate. stearic acid or talc. The
tablets may be uncoated or they may be coated by
known techniques to delay disintegration and ab-

sorption in the gastrointestinal tract and thereby

provide a sustained action over a longer period.

For example, a time delay material such as

glyceryl monostearate or glyceryl distearate may
be employed.

5 Formulations for oral use may also be pre-

sented as hard gelatin caosuies wherein the active

ingredient is mixed with an inert solid diluent, for

example, calcium carbonate, calcium phosphate or

kaolin, or as sort gelatin capsules wherein the ae-

ro tive ingredient is mixed with water or an oil me-
dium, for example peanut oil. liquid paraffin, or

olive oil.

Aqueous suspensions contain the active ma-
terials in admixture with excipients suitable for the

75 manufacture of aqueous suspensions. Such ex-

cipients are suspending agents, for example so-

dium carboxymethylcellulose, methylcellulose,

hydroxypropylmethylcelluiose. sodium alginate,

polyvinylpyrrolidone, gum tragacanth and gum aca-

20 cia; dispersing or wetting agents may be a

naturally-occuring phosphatide. for example
lecithin, or condensation products of an alkylene

oxide with fatty acids, for example polyoxyethylene

stearate. or condensation products of ethylene ox-

25 ide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol. or condensation pro-

ducts of ethylene oxide with partial esters derived

from fatty acids and a hexitol such as polyox-

yethylene sorbitol monooleate. or condensation
30 products of ethylene oxide with partial esters de-

rived from fatty acids and hexitol anhydrides, for

example polyoxyethylene sorbitan monooleate. The
said aqueous suspensions may also contain one or

more preservatives, for example ethyl, or n-propyl,

35 p-hydroxybenzoate, one or more coloring agents,

one or more flavoring agents, and one or more
sweetening agents, such as sucrose or saccharin.

Oily suspension may be formulated by sus-

pending the active ingredient in a vegetable oil. for

*o example arachis oil. olive oil. sesame oil or coconut
oil, or in a mineral oil such as liquid paraffin. The
oily suspensions may contain a thickening agent,

for example beeswax, hard paraffin or cetyl alcohol.

Sweetening agents such as those set forth above.
45 and flavoring agents may be added to provide a

palatable oral preparation. These compositions may
be preserved by the addition of an antioxidant such
as ascorbic acid.

Dispersible powders and granules suitable for

so preparation of an aqueous suspension by the addi-

tion of water provide the active ingredient in admix-
ture with a dispersing or wetting agent suspending
agent and one or more preservatives. Suitable dis-

ss

14
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persing or wetting agents and suspending agents

are exemplified by those already mentioned above.

Additional excipients. for example sweetening, fla-

voring and coloring agents, may also be present.

The pharmaceutical compositions of the inven-

tion may also be in the form of oil-in-water emul-

sions. The oily phase may be a vegetable oil. for

example olive oil or arachis oils, or a mineral oil, for

example liquid paraffin or mixtures of these. Suit-

able emulsifying agents may be naturally-occurring

gums, for example gum acacia or gum tragacanth.

naturally-occurring phosphatides, for example soy

bean, lecithin, and esters or partial esters derived

from fatty acids and hexitol anhydrides, for exam-

ple sorbitan mono-oleate. and condensation pro-

ducts of the said partial esters with ethylene oxide,

for example polyoxyethylene sorbitan monooleate.

The emulsions may also contain sweetening and

flavoring agents.

Syrups and elixirs may be formulated with

sweetening agents, for example glycerol, propylene

glycol, sorbitol or sucrose. Such formulations may

also contain a demulcent a preservative and flavor-

ing and coloring agents. The pharmaceutical com-

positions may be in the form of a sterile injectable

aqueous or oleagenous suspension. This suspen-

sion may be formulated according to the known art

using those suitable dispersing or wetting agents

and suspending agents which have been men-

tioned above. The sterile injectable preparation

may also be a sterile injectable solution or suspen-

sion in a non-toxic parenterally-acceptable diluent

or solvent, for example as a solution in 1.3-butane

diol. Among the acceptable vehicles and solvents

that may be employed are water. Ringer's solution

and isotonic sodium chloride solution. In addition,

sterile, fixed oils are conventionally employed as a

solvent or suspending medium. For this purpose

any bland fixed oil may be employed including

synthetic mono-or digiycerides. in addition, fatty

acids such as oleic acid find use in the preparation

of injectables.

The compounds of Formula (I) may also be

administered in the form of suppositories for rectal

administration of the drug. These compositions can

be prepared by mixing the drug with a suitable

non-irritating excipient which is solid at ordinary

temperatures but liquid at the rectal temperature

and will therefore melt in the rectum to release the

drug. Such materials are cocoa butter and polyeth-

ylene glycols.

For topical use. creams, ointments, jellies, solu-

tions or suspensions, etc., containing the anti-in-

flammatory agents are employed.

Dosage levels of the order to 0.2 mg to 140

mg per kilogram of body weight per day are useful

in the treatment of the above-indicated conditions -

(10 mg to 7 gms. per patient per day). For exam-

5 pie. inflammation is effectively treated and anti-

pyretic and analgesic activity manifested by the

administration from about 0.5 to 50 mg of the

compound per kilogram of body weight per day (25

mg to 3.5 gms per patient per day). Advama-

70 geously, from about 2 mg to about 20 mg per

kilogram of body weight per daily dosage produces

highly effective results (50 mg to 1 gm per patient

per day).

The amount of active ingredient that may be

is combined with the carrier materials to produce a

single dosage form will vary depending upon the

host treated and the particular mode of administra-

tion. For example, a formulation intended for the

oral administration of humans may contain from 5

20 mg to 5 gm of active agent compounded with an

appropriate and convenient amount of carrier ma-

terial which may vary from about 5 to about 95

percent of the total composition. Dosage unit forms

will generally contain between from about 25 mg to

25 about 500 mg of active ingredient

It will be understood, however, that the specific

dose level for any particular, patient will depend

upon a variety of factors including the activity of

the specific compound employed, the age, body

30 weight, general health, sex, diet, time of administra-

tion, route of administration, rate of excretion, drug

combination and the severity of the particular dis-

ease undergoing therapy.

35 EXAMPLE 1

1-p-nitrophenylsulfonyl-4-benzyloxycarbonyl

azetidin-2-one

40

Diazabicycloundecane (152 mg. 1 mM) was

added to a mixture of 205 mg (1 mM) azetidinone

and 181 mg (1 mM) p-nitrobenzenesulfonyl chlo-

ride in 10 ml methylene chloride at room tempera-

45 ture. After stirring 2-y hours, the orange solution

was washed with water, dried over MgSO«. and

concentrated in vacuo . The residue was

chromatographed on silica gel in hexane/ethyl ace-

tate to yield 64 mg (17%) of 1-p-

50 nitrophenylsulfonyl-4-benzyloxycarbonyl azetidin-2-

one.

. NMR (CDCI,): 5 3.3 (2H. doublet-quartet). 4.8 (qt.

1H). 5.2 (s. 2H). 7.2 (s, 5H). 8.2 (mlt 4H).

55
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EXAMPLE 2

1-AcetyI-3.3-dimethyl-4-acetoxyazetidin-2-one

Steo A : Preparation of 2-methv!-oroo-l -envlacetate

A mixture of 72 g (1 M) isobutyraldehyde, 153

g (1.5 M) acetic anhydride and 12 g (0.125 M)
potassium acetate was refluxed seven hours. The
cooled reaction mixture was washed with water and
stirred with 300 ml saturated NaHCOj at 0°C for 45
minutes. The organic phase was dried over K,CO,
to yield a yellow oil which was distilled at at-

mospheric pressure to give 35.41 g (31%) of 2-

methyl-prop-1-enyiacetate, b.p. 122-126°.

NMR (CDCI,): 6 1.6 (S, 6H). 2.1 (s. 3H). 6.9 (mlt.

1H).

Step B:
:

: Preparation of 3-3-dimethvl-4-
acetoxya2etidin-2-one

Chlorosulfonyl isocyanate (16 ml) was added to

a solution of 22.8 g (0.2 M) 2-methyl prop-1-enyl
acetate in 50 ml methylene chloride at 0° under
nitrogen. After stirring at 0° for 20 hours, the reac-
tion mixture was added to a mixture of 20 ml water,

90 g ice. 48 g NaHCO, and 16.6 g Na,S03 and
stirred at 0 -

for 30 minutes . This was then ex-
tracted with 300 ml CH,CI, and the organic phase
washed with brine, dried over MgSO* and con-
centrated invacuo to give 27.75 g oil which was
chromatographed on silica gel in hexane/ethyl ace-
tate to yield 2.17 g (8.5%) of 3.3-dimethyI-4-

acetoxyazetidin-2-one.

NMR (CDCI,): * 1-2 (s. 3H). 1.3 <s. 3H). 2.2 (s, 3H),

5.6 (s, 1H).

Step C: Preparation of 1-acetvl-3.3-dimethvl-4-

acetoxyazetidin-2-one

A mixture of 283.3 mg (1.8 mM) 3.3-dimethyl-

4-acetoxyazetidin-2-one. 2 ml pyridine and 2 ml
acetic anhydride was heated to 100° in a sealed
tube for 36 hours. The reaction mixture was con-
centrated in vacuo and the residue chromatog-
raphed on silica gel in hexane/ethyl acetate to yield

295 mg (82%) of 1-acetyl-3.3-dimethyl-4-

acetoxyazetidin-2-one.

NMR (CDCI,): i 1^ (s, 3H), 22 (s. 3H). 2.5 (s. 3H).

6.1 (s. 1H).

EXAMPLE 3

1-Acetyl-4-acetoxy-3-n-propyiazitidin-2-one

5

Step A: Preparation of Pent-1-envl acetate

A mixture of ^6 g (1M) valeraldehyde, 153 g -

io (1?5 M) acetic anhydride, and 12 g (0.125 M)
potassium acetate, was refluxed for 8 hours. The
cooled mixture was then stirred with 100 ml satu-
rated aqueous NaHCO, for one hour. The organic
phase is separated, dried over K,CO,. and distilled

is at 40 mm to yield 46.15 g (45%) of pent-1-en-
ylacetate. b.p. 89°C.

NMR (CDCI,): 5 1.0 (tr. 3H). 1.2-2.0 (mit.. 4H). 2.1 -

(S, 3H). 4.7-5.6 (mlt. 1H). 7.0-7.3 (mlt.. 1H).
20

Ste£ B: Preparation of 4-acetoxv-3-n-
propylazetidin-2-one

Bght hundred microliters of chlorosulfonyl
25 isocyanate was added to a solution of 1.28 g (10

mM) pent-1-enyl acetate in 5 ml methylene chlo-
ride at 0 # under nitrogen. After stirring at 0° 5
days, the reaction mixture was added dropwise to a
mixture of 5 g ice, 1.15 ml water. 2.82 g NaHCO,

30 and 1.0 g Na,SO, and stirred at 0* for 30 minutes.
The mixture was extracted with 2 X 25 ml
methylene choride and the combined organic
phases washed with brine, dried over MgSO*. and
concentrated in vacuo . The residue was

35 chromatographed on silica gel in hexane/ethyl ace-
tate to yield 60 mg trans 4-acetoxy-3-n-
propylazetidin-2-one (3.4%).

NMR (CDCI,): 6 1.0 (mlt, 3H), 1.7 (mlt., 4H). 2.2 (s.

40 3H). 3-2 (tr. 1 H). 5.6 (s. 1 H). 6.7 (Irs. 1 H).

Step C: Preparation of 1 -acetyl-4-acetoxy-3-n-
propylazetidin-2-one

*s A mixture of 56 mg (0.33 mM) 4-acetoxy-3-
propylazetidin-2-one. 1 ml acetic anhydride and 1

ml pyridine was stirred at 100 • in a seaJed tube for

24 hours. After concentrating in vacuo the residue
was chromatographed on silica gel in hexane/ethyl

so acetate, to yield 16 mg (23%) 1 -acetyl-4-acetoxy-3-
n-propyl-azetidine-2-one.

NMR (CDCI,): 6 1.0 (br tr. 3H), 1.7 (mtt., 4H), 2.2 (s.

3H), 2.4 (s. 3H). 3.2 (tr. 1H). 6.1 (d. 1H).
55
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EXAMPLE 4

l-Acetyl-4-methylsulfonyla2etidin-2-one

azetidine-2-one: m.p. 80-85°.

NMR (CDCI,): 5 7.2 (d. J = 9, 2H). 6.75 (d. J = 9.

2H). 4.9 (d. J = 6. 1H), 4.6 (d. J = 6, 1H). 4.25 (q.

J = 8. 2H). 3.7 (s, 3H), 1.25 (t. J = 8, 3H).

3 g -

5 M)
The
satu-

:anic

tilled

.-en-

2.1

Steo A: Preparation

memvlthina7fttidin-2-one

A mixture of 300 mg (2.6 mM) 4-

methylthioazetidin-2-one. 10 ml acetic anhydride

and 10 ml pyridine was stirred at 100° in a sealed

tube 24 hours. After concentrating in vacuo, the

residue was chromatographed on silica gel in

hexane/ethyl acetate to yield 324 mg (78%) of 1-

acetyl-4-methylthioazetidine-2-one.

NMR (CDCU): 5 2.4 (s. 3H). 2.41 (s, 3H), 3.2 -

(doublet-quartet. 2H). 5.1 (doublet-doublet. 1H).

Steo B: Preparation

methvlsulfinytazetidin-2-one

A mixture of 130 mg (0.82 mM) N-acetyl-4-

methytthioazetidinone and 200 mg (0.93 nM) 80%

m-chloroperbenzoic acid in 5 ml methylene chlo-

ride was stirred at room temperature 5 minutes.

After removing the solvent in vacuo. The residue

was chromatographed on 2-2000 a silica gel plates

in hexane/ethyl acetate to yield 57 mg (40%) of 1-

acetyl-4-methylsulfinyiazetidine-2-one.

NMR (CDCI,): 6 2.4 (s, 3H), 2.6 (S. 3H). 3.5 (mlt.,

2H). 4.9 (mlt., 1H).

of 1-acetvl-4- EXAMPLE 6 ^ ,

io 4-Carboethoxy-3-chloro-1 -(p-methoxyphenyl)-

azetidine-2-one

4-carboethoxy-3-chloro-1 -(p-methoxyphenyl

azetidine-2-one was prepared by following the

is same procedure as described in Example 5 but

using chloroacetyl chloride and the imine formed

from ethylglyoxalate and p-anisidine as the starting

material. The crude product was recrystallized from

ether (hexane) to give 3.1 g of 4-carboethoxy-3-

20 chloro-1 -<p-methoxyphenyl)azetidine-2-one,
m.p.

of N-acetvM- 99-100*.

NMR (CDCW: 5 7.2 (d. J=9. 2H).6.8 (d. J = 9, 2H).

\ 5.1 (d, J = 6. 1H). 4.7 (d, J = 6, 1H). 4.25 (q. J = 7,

25 2H). 3.7 (s. 3H). 1.25 (t, J = 7. 3H)..

EXAMPLE 7

- ^
EXAMPLE 5 ^ _

;

3-Azido-4-carboethoxy-1 -(p-methoxypheny I)-

azetidin-2-one

To a solution of 3.06 g of azidoacetyl chloride

in 50 ml of CH,CU was added dropwtse a solution

of 3.57 ml of triethylamine and 5.3 g of the imine

formed from ethylglyoxalate and p-anisidine in 50

ml CH,CW. with cooling at such a rate that the

reaction temperature remained below 5°. The reac-

tion was then stirred at room temperature for three

hours and then washed sequentially with 1N HCI.

saturated aqueous sodium bicarbonate, and satu-

rated aqueous sodium chloride. The organic phase

was dried over magnesium sulfate, filtered, and

evaporated, and the crude residue was recrystal-

lized from carbon tetrachloride/hexane to afford 3.7

g. of 3-azido-4-carboethoxy-1-(p-methoxyphenyl)-

40

30 4-Cartooethoxy-3-methoxy-1-(p-methoxyphenyl>-

azetidine-2-one

4-Carboethoxy-3-methoxy-1 -<p-

methoxyphenyl)azetidine-2-one was prepared by

35 following the same procedure as described in Ex-

ample 5 but using roethoxyacetyl chloride as the

starting material. After chromatography the com-

pound crystallized as a white solid: m.p. 116-118°.

NMR (CDCl,): 5 72. (d, J = 9. 2H). 6.75 (d. J = 9,

2H). 4.7 (d. J =5. 1H), 4.6 (d. J = 5. 1H). 42 (q.

J = 5. 2H), 3.7 (s. 3H). 3.5 (S, 3H). \2 (U J = 5. 3H).

EXAMPLE 8

4-Carboethoxy- 1 -(P-methoxyphenyl)-3-

phenylazetidin-2-one

so To a solution of 17 ml of triethylamine and 5.0

g of the imine formed from ethyl glyoxaiate and p-

anisidine in 100 ml of refluxing 1 ,2-dichloroethane

was added dropwise over 2 hours a solution of 16

ml of freshly distilled phenylacetyl chloride in 50 ml

55 of dichloroethane. After refluxing for three hours the

reaction was worked-up as per the 3-

17
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azidoazetidinone. The crude residue was
chromatographed to yield the cis and trans isomers
and 4-carboethoxy-1-(p-methoxyphenyl)-3-

phenylazetidin-2-one as oils: cis : NMR (CDCI 3 ): &

7.2 (m. 7H), 6.7 (d. J =9. 2H). 4.7 (s, 2H), 3.6 (s.

3H). 3.6 (q, J = 7, 2H). 0.7 (t. J = 7. 3H); trans : NMR
(CDC!,): 5 7.3 (m. 7H). 6.8 (d. J = 9. 2H), 4.5 (d.

J = 2. 1H). 4.45 (d. J = 2, 1H), 4.1 (q. J = 7, 2H). 3.6
(S. 3H). 1.2 (t. J = 7. 3H).

EXAMPLE 9
10

1 ml dimethyl sulfate in 30 ml acetone containtng 3

g potassium carbonate. After isolation, the crude
product was crystallized to give 2.2 g of 4-

carboethoxy- 1 -(p-methoxyphenyl)-3-(N-

methyitrifiuoroacetamido)azetidine-2-one. m.p. 102-
104°.

NMR (CDCI,): 6 7.2 (d. J = 9. 2H). 6.75 (d. J =9.
2H), 5.5 (d. J = 6. TH). 4.7 (d. J = 6. 1H). 4.2 (q,

J =-7. 2H), 3.7 <s. 3H), 3.2 (br.s.. 3H). 1.2 (t. J = 7,

3H).

4-Cart>oethoxy-1-(p-methoxyphenyl>-3-vinylazetidin-

2-one

4-Carboethoxy- 1 -(p-methoxyphenyl)-3-

vinylazetidine-2-one was prepared by following the
same procedure as described in Example 8 but
using crotonyl chloride as the reagent. After

chromatography the cis and trans isomers of the
compound were obtained: cis (m.p. 70-72°). NMR -

(CDCI,): 5 = 7.2 (d. J = 9, 2H). 6.8 (d, J = 9, 2H). 5.2-

5.8 (m. 3H), 4.6 (d. J = 6. 1H). 42 (m. 3H), 3.7 (s.

3H), 1.2 (t, J = 7. 3H); trans (oil). NMR (CDCI3): S

725 (d. J = 9. 2H). 6.8 (d. J = 9, 2H). 5.7-6.2 (m,
1H). 5.2-5.5 (m. 2H). 4.25 (br.s.. 1H). 4.2 (q. J = 7.

2H). 3.9 (dd, J = 1. Jz = 6. 1H). 3.75 (s, 1H). 1.25 (t.

J = 7. 3H).

EXAMPLE 10

4-Cart>oethoxy-3-ethyl-1 -(p-methoxyphenyl)-
azetidin-2-one

The cis and trans isomers of 4-carboethoxy-3-
ethyl-i^p-methoxyphenyl)azetidine-2-one are each
hydrogenated with palladium on carbon in ethanol
to yield the corresponding cis and trans isomers of

4-carboethoxy-3-ethyl-1 -(p-methoxy-phenyl)-
azetidine-2-one.

EXAMPLE 11

4-Carboethoxy- 1 -(p-methoxyphenyl)-3-(N-methyl-
trifluoroacetamido)azetidin-2-one

A solution of 2.16 g of 3-azido-4-carboethoxy-
1 -(p-methoxyphenyl)-azetidine-2-one in ethanol was
hydrogenated with palladium to yield 4-

<^rboethoxy-i-(p-rnethoxyphenyl)-3-aminoa2etid!n-

2-one. This amine was acylated with 1.1 ml of
trifluoro acetic anhydride in 10 ml CH,CI, contain-
ing 1 .5 ml pyridine, followed by methylation using

75

20

25

30

35

40

45

so

EXAMPLE 12

4-Carboethoxy-3-methoxyazetidin-2-one

To a solution of 1.4 g of 4-carboethoxy-3-

methoxy-l-(p-methoxyphenyl)azetidine-2-one in 50
ml acetonitrile at 0° was added a solution of 8.23 g
of cerric ammonium nitrate in 50 ml H,0 over 3
minutes. After stirring at 0 # for 1 hour the solution
was poured into 200 ml of 10% sodium sulfite and
extracted with 3 X 75 ml of ethyl acetate. The
combined organic extracts were washed with 10%
sodium sulfite and saturated sodium chloride solu-
tions and dried over sodium sulfate. Filtration and
evaporation gave an amber oil which was recrystai-
iized from methylene chloride/hexane to give 700
mg of 4-carboethoxy-3-methoxyazetidine-2-one:
m.p. 91-92V NMR (CDCI,): h 7.1 (br.s, 1H). 4.7 (dd.
J. = 2. J, = 5, 1H). 4.3 (d. J = 5. 1H). 4.15 (q. J = 7
2H). 3.4 (s, 3H). 1.25 (t. J =7. 3H).

Following substantially the same procedure as
described in Example 12 but using an appropriate
3-substituted azetidinone compounds (a) -{f) were
prepared:

(a) 4>Carboethoxv-3-chloroazetidin-2-Qnft

NMR (CDCI,): 5 7.3 (brjj.. 1 H); 5.0 (dd. J« = 2,

J, = 6, 1H). 4.4 (d. J = 6. 1H). 4.2 (q. J = 7,

2H). U(tJ = 7. 3H).

(b) 4-Carboethoxv-3-ohenvlazetidin-2-one-g-
fcis and trans)

55

NMR (CDCI,): cis: * 72 (s. 5H). 6.4 (br.s..

1H). 4.7 (d. J = 6. 1H). 4.4 (d. J = 6. 1H). 3.7 -

(q. J = 7, 2H). 0.75 (t. J = 7, 3H); trans : a 72
(s, 5H). 6.9 (br.s. 1H). 4.3 (br.d. J = 2, 1H).
4.1 (q. J = 7. 2H). 4.0 (d, J =2, 1H). 12 (t.

J = 7.3H).

(c) 4-Carboethoxv-3-<N-methYl>
trifluoroacetamido) a2etidin-2-ona

18
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NMR (CDCl,): 5 7.2 (br.s.. 1H), 5.4 (d. J = 6.

1 H). 4.5 (d. J = 6. 1 H), 4.15 (q. J = 7, 2H), 3.2

(s. 3H). 1.2 (t, J = 7, 3H).

(d) 4-Carboethoxv-3-vinvlazetidin-2-one(cis

and trans)

NMR (CDCI,) cis: 5 7.1 (br.s., 1H), 5.2-5.8 -

(m, 3H). 4.0-4.4 (m. 4H). 1.25 (t. J = 7. 3H):

trans : 5 = 7.25 (br.s., 1H), 5.0-6.2 (m. 3H), 4.1

(q. J = 7, 2H). 3.9 (d. J = 2. 1H), 3.7 (dd.

J, = 2. J, = 7, 1H). 1-2 (U = 7, 3H).

(e) 4-Carboethoxv-3-ethvlazetidin-2-one

Cis: NMR(CDCI,): 5 6.9 (br. s.. 1H); 4.2 (m.

3H); 3.4 (dd. J, = 6. J* = 8. 1H); 1.51 (q, J = 8.

2H); 1 .2 (t. J = 7. 3H); 1 .0 (t. J = 8, 3H).

Trans: NMR(CDC!,): S 6.8 (br. s„ 1H); 4.2 (q.

J = 7, 2H): 3.8 (d. J = 2, 1H); 3.2 (dd. J. = 2,

J, = 7, 1H): 1.8 ((dq. J. = 2. J, = 8. 2H); 1.2 (t.

J = 7, 3H); 1.0 <t, J = 8. 3H).

(f) 3-Azido-4-c3rboethoxvazetidin-2-one

EXAMPLE 13

4-Carboethoxy-3-(N-methyltrifluoroacetamidoh

azetidine-2-one-1 -sulfonic acid tetrabuty Iammonium

salt

To a solution of 1 40 mg of 4-carboethoxy-3-(N-

methyltrifluoroacetamido)azetidine-2-one in 5 ml of

pyridine at 80° was added 250 mg of sulfur trioxide

pyridine complex, and the resulting mixture was

stirred for 30 minutes at 80°. The solution was

poured into 100 ml of 0.5 N KH,PO« and extracted

with 2 X 25 ml of methylene chloride. The com-

bined organic washes were back-extracted with 25

ml of KH,PO* solution. The combined aqueous

phases were then treated with 680 mg of

tetrabutylammonium hydrogen sulfate and extract-

ed with 3 X 50 ml of methylene chloride. After

drying (sodium sulfate) and evaporation of the or-

ganic phase the crude 4-carboethoxy-3-(N-methyl-

trif!uoroacetamido)azetidine-2-one-1 -sulfonic acid

tetrabutylammonium salt was chromatographed to

yield pure as an oil.

NMR (CDCU): S 5.3 <d. J = 6. 1H). 4.7 (d. J = 6. 1H),

4.15 (q, J = 7. 2H). 3.2 (m. 11H). 0.8-1.8 (m, 31 H).

Applying the same procedure as described

above, the following tetrabutylammonium salts of

other azetidine derivatives were prepared:

5 (a) 4-Carboethoxv-3-methoxvazetidin-2-one-

1 -sulfonic acid tetrabutylammonium salt

NMR (CDCS): 5 4.55 (d. J = 6, 1 H). 4.5 (d.

J = 6), 1H). 4.1 (q, J = 7. 2H). 3.4 (s, 3H). 3.2

to * (m, 8H). 0.8-1.8 (m. 31 H).

(b) 4-Carboethoxv-3-vinvtazetidin-2-one-1-

sulfonic acid tetrabutylammonium salt

T5 EXAMPLE 14

4-Carboethoxy-1-{p-nitrobenzenesulfonyl)-3-

phenylazetidin-2-one

20

To a solution of 720 mg of 4-carboethoxy-3-

trans-phenylazetidin-2-one in 20 ml methylene

chloride at 0° were added sequentially 595 mg of

p-nitrobenzenesuifonyl chloride and 0.48 ml of

25 DBU. The solution was stirred for several hours,

diluted with 50 ml of methylene chloride, washed

once with water and dried over sodium sulfate.

Filtration and evaporation gave a crude residue

which was chromatographed to yield pure 4-

30 carboethoxy-1 -(p-nitrobenzenesulfonyl)-3-phenyl-

azetidin-2-one. NMR (CDCI,): 6 8.3 (d, J = 9. 2H).

8.2 (d, J = 9, 2H), 7.2 (br.s., 5H). 4.0 (q, J = 7. 2H).

3.7 (m, 2H). 1 2. (t. J = 7, 3H). Similarly prepared

was the corresponding cis-3-phenyl compound.

35 NMR (CDCl,): i 8.4 (d, J = 9. 2H). 8.25 (d, J = 9,

2H). 72 (s, 5H), 5.0 (s. 1H). 3.7 (m, 3H). 0.85 (t,

5 = 7. 3H).

Following the same procedure as described

above but using appropriate reagents, the following

40 compounds were prepared:

(a) 4-Carboerhoxv-l ^r>-nrtrobenzenesul-

fonvlV3*vinvlazetidin-2-one

45 NMR (CDCl,): cis: 5 8.3 (d. J = 9. 2H). 8.2 (d,

J =9. 2H). 5.2-6.0 (m, 3H), 4.0-4.6 (m, 4H).

1.2 (t, J = 7. 3H); trans : 6 BJ2 (d. J = 9, 2H),

8.15 (d. J = 9. 2H). 5.2-6.0 (m. 3H). 3.9-4.4 -

(m. 4H). 1.25 (t. J = 7. 3H).

50

(b) 4-Carboethoxv-3-ethvM -(p-nitroben-

zenesulfonvl)azetidin-2-one

55
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i

(c) 3-Azido-4-carboethoyy-l-(D-nitroben>

zenesulfonvl) azetidin-2-one

(d) 4-Carboethoxy-3<hloro-WD-nitroben2en-

$ulfonvMazetidin>2'One

EXAMPLE 15

4-Carboethoxy-3-phenyl-1 -

trifluoromethanesulfenylazetidin-2-one

To a mixture of U g of 4-carboethoxy-3-
phenylazetidin-2-one and 1.2 ml of triethylamine in

25 ml of methylene chloride at 0° was added
dropwise over 10 minutes 11.25 ml of a 10%
solution of trifluoromethanesulfenyl chloride in

ether. After stirring for several hours the solution

was washed with water, dried over sodium sulfate,

filtered and evaporated. The crude residue was
chromatographed to yield pure 4-carboethoxy-3-
phenyl- 1 -trifluoromethanesulfenylazetidin-2-one as
an oil.

with 5 ml benzene. The solution* is washed with
aqueous H,PO« and then aqueous K,HP0 4 . dried
with MgSO*. filtered and evaporated. The residue is

chromatographed on silica gel. eluting with 25:1
5 CHClj-EtOAc. providing 1-tosylmethyl-3-n-propyl«4-

p-nitrophenylthio-a2etidin-2-one.

EXAMPLE 17

70

1-Tosyloxymethyl-3-n-propyl-4-p-nitrophenylsulfinyl

azetidin-2-one

1 -Tosyloxymethyl-3-n-propyl-4-p-
75 nitrophenylsulfinyiazetidin-2-one. 450 mg. is treated

for i hour, in 10 ml CH,Cl, with 172 mg m-
chloroperbenzoic acid. The solution is washed with
aqueous K,HPO*. dried with MgSO*. filtered and
evaporated, leaving pure 1 -tosyloxymethyl-3-n-

20 propyl-4-p-nitrophenylsulfinyl azetidine-2-one.

EXAMPLE 18

NMR (CDCl,): b 72 (s. 5H), 4.6 (d. J = 3. 1H), 4.3

(m, 3H). 1.3 (t J -7. 3H).

EXAMPLE 16

1 -Tosyloxymethyl-3-n-Propyl-4-p-

nitrophenylthioazetidin-2-one •

Step A: Preparation of 3-ProDvl-4-p-nitroohenvlthio

azetidin-2-one

3-Propyl-4-acetoxy azetidinone. 171 mg, is re-

fluxed with 200 mg p-nitrophenyl thiol in 10 ml
benzene for 6 hours. The solution is washed 3x
with aqueous Na,CO,. dried with MgSO*. filtered

and evaporated. The residue is chromatographed
on silica gel. eluting with 10:1 CHCIa-EtOAc. afford-
ing 3-propyl-4-p-nitrophenylthioazetidin-2-one.

Step B: Preparation of 1-Tosvloxvmethvl-3-n-
propyf-4-^nitrophenvlthio azetidin-2-one

3-Propyl-4-p-nitrophenylthioa2etidine-2-one.

266 mg, is stirred overnight at room temperature
with 0.25 ml aqueous formalin (37%) and 17 mg
K,COj, Water and formaldehyde are removed in

vacuo, and flushed with 2 ml pyridine. The residue
is taken up in 4 ml pyridine and treated for 1 hour
at room temperature with 200 mg p-toluenesulfonyl
chloride. The pyridine is evaporated and replaced

1-Acetoxymethyl-4-p-nitrophenylsulfinyl-3-n-

propylazetidin-2-one

Steo A: Preparation of 3-n-proovl-4-p-
30 nitrophenvrthioazetidin-2-one

3-n-Propyl-4-acetoxyazetidinone (1.164 g, 6.58
mmole) and 1.02 g (6.58 mmole) p-nitrothiophenol
were healed in a tube in the steam bath for 3.5

35 hours. The reaction mixture was cooled, diluted
with 100 ml ethyl acetate, and the organic phase
was washed with 100 ml water, 70 ml 1M H,PO«
and 3x100 ml saturated K,C03. The organic phase
was dried over magnesium sulfate, filtered, and

*o solvent removed in vacuo to yield 1.53 g of yellow
crystals which were chromatographed on a silica
gel column in chloroform-ethyl acetate (4:1) to give
359 mg (19%) 0f 3-n-propyl-4-p-
nitrophenytthioa2etidin-2-one.

45

NMR (CDCI,): * 0.92 (tr, 3H). 1.2-1.6 (br m. 4H)
3.10 (tr. 1H). 4.91 (d, 1H), 7.0 (br s, 1H). 7.50 (d!
2H), 8-20 (d. 2H).

50 Stee B: Preparation of 1 -Acetoxymethvl>4-p-
nitrophenyrmio-3-n-propvlazetidin-2-one

A mixture of 273 mg (0.94 mmole) azetidinone
from Step A, 26.3 mg paraformaldehyde and 178

55 mg (0.56 mmole) cesium carbonate was stirred in

20 ml dry tetrahydrofuran at ambient temperature

20
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16.5 hours under nitrogen. A mixture of 430 ul

pyridine and 2.56 ml acetic anhydride was added

to the reaction mixture and the stirring continued 5

more hours. The solvents were removed in vacuo

to give 604 mg crude product which was 5

chromatographed on a silica gel flash column in

hexane-ethyl acetate 3-1. This gave 102 mg (30%)

of 1 -acetoxymethyl-4-p-nitrophenylthio-3-n-

propylazetidin-2-one.
TO

NMR (CDCl,): S 1.0 (tr. 3H), 1.2-1.85 (br m. 4H), 2.1

(s, 3H). 3.22 (tr. 1H). 4.95 (d, 1H). 5.18 (ABBA

pattern, J, = 30H Jf J, = 5H lt 2H), 7.65 (d. 2H), 8.22 -

(d. 2H).

75

Step C: Preparation of 1 -Acetoxvmethyl-4-o-

nitrophenvlsulfinvl-3-n-propylazetidin-2-one

To a solution of 46 mg (0.127 mmole)

azetidinone from Step B in 4 ml CH,CI, and 4 ml 20

saturated aqueous NaHCO, was added 27 mg -

(0.127 mM) 80%-chloroperbenzoic acid and the

reaction mixture stirred vigorously 15 minutes. The

phases were separated and the organic phase was

dried over MgSO*. filtered and stripped to yield 57 25

mg crude product which was chromatographed on

a 1000 u silica gel prep TLC plate in chloroform-

ethyl acetate 4:1 to yield 15 mg (31%) of 1-

acetoxymethyl-4-p-nitrophenylsulfinyl-3-n-

propylazetidin-2-one. 30

NMR (CDCI,): 5 0.93 (tr, 3H). 1.2-1.8 (br-m, 4H). 2.1

(S. 3H), 3.55 (tr, 1H). 4.66 (d, 1H). 5.04 (ABBA

pattern. J, = 34H„ J, = 6H„ 2H). 8.2 (d. 2H). 8.52 (d.

2H). os

EXAMPLE 19

wherein

R can be at the o-or the ^-position and is hy-

drogen, loweralkyl or loweralkyl substituted with a

radical R4
as defined below; or halo;

R 1 can be at the o-or the 0-position and is

4-Acetoxy-3-n-propylazetidin-2-one- 1 -sulfonic acid

tetrabutylammonium salt

A solution of 82 mg (0.463 mmole) 3-propyM-

acetoxy azetidin-2-one in 5 ml pyridine was heated

to 80°. 221 Mg (1.39 mmole) sulfur tnoxide-pyr-

idine complex was added and the reaction mixture

stirred at 80° one hear. It was then poured into 100

ml 0.5M KH,P0 4 (aqueous) and washed with 2x25

ml CH,Cli. The combined organic washes were

backwashed with 25 ml 0.5M KH,PO,. 157 Mg -

(0.463 mmole) Bu.NHSO. was added to the com-

bined aqueous phases. This was extracted with

2x25 ml CH,Cl, and the combined extracts were

dried over MgSO*. filtered, and stripped in vacuo to

yield 12.4 mg of an oily residue which was

chromatographed on a small silica gel column,

eluted first with 75 ml hexane/ethyl acetate (3:1) to

remove starting material, then with 100 ml ethyl

acetate/methanol (4:1) to yield 13 mg (5.7%) 4-

acetoxy-3-n-propylazetidin-2-one-l -sulfonic acid

tetrabutylammonium salt.

NMR (CDCI,): 5 1.0 (m t
16H). 1.75 (br m. 20H).

2.16 (s. 3H). 2.90 (br s. H), 3.1 (tr. 1H). 3.3 (tr, 8H).

4.08 (br tr, 1H). 6.18 (s. 1H).

Claims

1. A pharmaceutical composition for the prevention,

control or treatment of inflammation and/or degen-

eration comprising a pharmaceutical carrier and a

therapeutically effective amount of a compound of

formula (I)

(I)

(1) OB or -S(O) „B wherein B is as defined below

and n is 0. 1 or 2;

(2) Straight or branched loweralkenyl;

(3) loweralkyl;

(4) acylamino;

21



41 0 1 99 630 42

(5) amino;

(6) Straight or branched loweralkynyl group;

(7) An ary! group having 6-10 carbon atoms;

(8) heteroaryl;

(9) aralkyl;

(10) halo;

(11) N,; or

5 (12) hydrogen; or

(13) R and R* may join together and form

70

or =0 (oxo) wherein B and B
x independently

20

are as defined below;

R a and R J each can be at the o-or the j3-position

and independently are

(1 ) B as defined below;

(2) -COOB wherein B and B, independently re-

present

(a) H;

(b) straight or branched alkyl having from 1 to 20
carbon atoms;

(c) aryl having from 6 to 10 carbon atoms;

(d) cycJoalkyl having from 3 to 8 carbon atoms;

(e) straight or branched alkenyl having from 2 to

20 carbon atoms;

(f) straight or branched alkynyl having from 2 to

20 carbon atoms;

(g) aralkyl. alkaryl, aralkenyi. aralkenyi. al-

kenylaryl or aikenylaryl wherein alkyl, aryl. al-

kenyl and alkynyl are as previously defined;

(h) heteroaryl;

25

30

3S

40

45

50

55

(i) heteroarylaJkyl;

0) heterocycloalkyl;

(k) heterocycioalkenyl;

the above groups (a)-<k) can be unsubstituted or

can be substituted by one or more radical R*

selected from the group consisting of loweralkyl.

hydroxy, alkoxy. -halo, nitro. loweralkytthio. aryh
thio. mercapto. amino, monoalkyl or dialkyl. sub-
stituted amino, cyano. carboxy, loweralkanoyl.
aminosulfonyl, aminosulfenyl, aminosulfinyl, car-

bamoyl, carbamoyloxy. -S(O) „R*. SO,R\ -P(O)-

qR* where q is 1 or 2. and Rs
is H, Ci* alkyl or

aryl as previously defined, azido. carboxamido or

N-substituted carboxamido;

(3) -S(0)nB;

(4) -S(0),NBB.;

(5) -N(B)S(0),B.;

(6) -P(0)qBB,;

(7) -C(0)B;

(8) -OB;

(9) -C(0)NBB,;

22
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(10) -0-<CO)-B-;

(11) cyano; or

(12) -S-C(0)-B:

A is (1) -0-C(0)-B;

(2) -S(0)„B;

(3) -S(0)QNBB.;

(4) -C(0)B;

(5) SOa-M* where in M represents

(a) an alkali anion; or

(b) a quaternary ammonium group of formula N*-

(Rs
).:

(6) substituted or unsubstituted phosphate or

phosphonyl;

(7) -(C0)NB,B,;

(8) -C(0)BB;

(9) halo Ci^alkyl;

(10) halo;

(11) -OB;

(12) silyl;

(13) B.

2. The composition of Claim 1 wherein;

R is hydrogen; or loweralkyl;

R x

is

(1) OR*;

(2) alkyl;

(3) C2^alkenyl;

(4) hydrogen;

(5) azido (N,);

(6) chloro or fiuoro; or

70

(7) phenyl or substituted phenyl;

R J and R 3 independently are

5 (1) hydrogen;

(2) SOR $
;

(3) SRS
:

(4) COOB;

(5) C 1^alkanoyloxy;

75 (6) Ci^aJkanoylthio; or

(7) C2^aJkenyl; and

A is

20

(1) SORs
;

(2) SCR*;

25 (3) -CHR'X;

(4) d-eaikanoyl;

(5) SO 3 M-; or

30

(6) substituted or unsubstituted phenyl.

3. The composition of Claim 1 wherein;

35 R is hydrogen or C,.3alkyl;

R 1

is

(1) hydrogen;

40

(2) C-eattcyl:

(3) C^aJkoxy;

45 (4) C^aJkenyl; or

(5) substituted or unsubstituted phenyl;

Ra
is hydrogen;

so

R' is

(1) SOR4
;

55 (2) SRS
;

23



45 0 199 630 46

(3) C^alkanoyloxy;

(4) COOB. or

(5) substituted or unsuostituted phenyl: and

A is

(1) C i^alkanoyl;

(2) hydrogen;

(3) SO,R J
;

(4) -CH,OAc; or

(5) SO ^ M *-

4. The composition of Claim 1 wherein the active

compound is:

(a) 1 -acetyl-4-methylsulfinylazetidin-2-one:

(b) l-acetyl-4-acetoxyazetidin-2-one;

(c) 4-acetoxy-3-ethylazetidin-2-one;

(d) 1 -acetyl-4-acetoxy-3-ethylazetidin-2-one;

(e) 1 -acetyl-4-acetoxy-3-n-propylazetidin-2-one;

(f) 3-phenyl-4~ethoxycarbonyfazetidin-2-one;

(9) 4-benzyloxycarbonyl-1 -p-

nitrophenylsulfonylazetidin-2-one;

TO

75

20

25

30

(h) 1 -acetyl-4-acetoxy-3,3-dimethy lazetidin-2-

one:

(«) 3-phenyl-4-ethoxycarbonyl-1 -p-

nitrophenylazetidin-2-one:

(j) i-acetoxymethyl-3-n-propyl-4-p-

nitrophenylsulfinyla2etidin-2-one;

, (k) 4-acetoxy-3-n-propylazetidin-2-one-1 -sulfonic

acid tetra(n-butyl)ammonium salt;

(I) 4-ethoxycarbonyM -p-nitrophenylsulfonyl-3-

vinylazetidin-2-one;

(m) 4-ethoxycarbonyl-3-ethyM -p-

nitrophenylsulfonylazetidin-2-one;

(n) 4-ethoxycarbonyl-3-ethy 1-1 -p-

methylphenylsuffonylazetidin-2-one;

(o) 4-ethoxycarbonyl-3-n-propyl-1 -p-

nitrophenylsulfonylazetidin-2-one;

(p) 3-aliyl-4-ethoxycarbonyM-p-

nitrophenylsulfonylazetjdin-2-one; or

(q) 4-p-nitrophenyl-3-vinylazetidin-2-one.

5. For the manufacture of a medicament for the

prevention, control or treatment of inflamation

and/or degeneration, the use of a compound of

formula (I)

35

R2

R"

A

(I)

45

wherein

R can be at the a-or the ^-position and is hy-

drogen, loweralkyl or loweralkyl substituted with a
radical R* as defined below; or halo;

R 1 can be at the a-or the ^-position and is

(1) OB or -S(0)„B wherein B is defined below and
n is 0. 1 or 2;

50

55

(2) Straight or branched ioweralkenyl;

(3) loweralkyl;

(4) acylamino

(5) amino;

(6) Straight or branched loweralkynyl group:

24
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(7) An aryl group-having 6-10 carbon atoms;

(8) heteroaryl;

(9) aralkyl:

(10) halo:

(11) N 3 ;

(12) hydrogen; or

5 (13) R and R' may join together and form

.B

or /~° ^ oxo ^ wherein B and B
i
independently

75

are as defined below;

R 1 and R* each can be at the a-or ^-position

and independently are

(1) B as defined below;

(2) -COOB wherein B and B, independently re-

present _ . . .

(a) H:

(b) straight or branched alkyl having from 1 to 20

carbon atoms;

(c) aryl having from 6 to 10 carbon atoms;

(d) cycloalkyl having from 3 to 8 carbon atoms;

(e) straight or branched alkenyl having from 2 to

20 carbon atoms;

(f) straight or branched alkynyl having from 2 to

20 carbon atoms;

(g) aralkyl. alkaryl, aralkenyl, aralkenyl, al-

kenylaryi or alkenylaryl wherein alkyl. aryl. al-

kenyl and alkynyl are as previously defined:

(h) heteroaryl;

(i) heteroarylalkyl;

(j) heterocycloalkyl;

(k) heterocycloalkenyl;

the above groups (aHk) can be unsubstituted or

can be substituted by one or more radical R 4

selected from the group consisting of loweralkyl,

hydroxy, alkoxy. halo, nitro. loweralkylthio, aryl-

thio, mercapto. amino, monoalkyl or dialkyl, sub-

stituted amino, cyano, carboxy, loweralkanoyl.

aminosulfonyl. aminosulfenyl. aminosulfinyl. car-

bamoyl, carbamoyloxy. -S(0)«R\ SO,R\ -P(0)QR
l

where q is 1 or 2, and R* is H, Ci-e "alkyl or aryl

as previously defined, azido. carboxamido or N-

substituted carboxamido;

(3) -S(0)„B;

(4) -S(0),NBB,;

(5) -N(B)S(0),B,;

(6) -P(0)qBB,;

(7) -C(0)B;

(8) -OB;

(9) -C(0)NBB,;

(10) -0-(CO)-B;

(11) cyano; or

(12) -S-C(0)-B;

Ais(1)-OC(0>-B;

25
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(2) -S(0)„B:

(3) -S(0)qNBB.;

(4) -C(0)B;

(5) SOj-M* where in M represents

(a) an alkali anion; or

(b) a quaternary ammonium group of formula N*-
(R*).:

(6) substituted or unsubstituted phosphate or
phosphonyl;

(7) -(CO)NB.B,;

(8) -C(0)BB;

(9) halo Chalky I;

(10) halo;

(11) -OB;

(12) silyl;

03) B.

6. The use of Claim 5 wherein:

R is hydrogen; or loweralkyl;

R' is

(1) OR 4

;

(2) Chalky!;

(3) C^alkenyl;

(4) hydrogen;

(5) azido (N,);

(6) chloro or fluoro; or

(7) phenyl or substituted phenyl;

R' and R 3 independently are

(1) hydrogen;

(2) SOR*;

TO

15

20

25

30

35

40

45

SO

55

(3) SR5
;

(4) COOB;

(5) C^alkanoyloxy;

(6) C^alkanoylthio: or

(7) C2^alkenylr^nd

A is

(1) SOR4
;

(2) SO,Rs
;

(3) -CHR'X;

(4) Ci^alkanoyl;

(5) SO ^ M*; or

(6) substituted or unsubstituted phenyl.

7. The use of Claim 5 wherein:

R is hydrogen or d.3aJkyi;

R' is

(1) hydrogen;

(2) Ci^alkyl;

(3) C^aikoxy;

(4) C^alkenyl: or

(5) substituted or unsubstituted phenyl;

R* is hydrogen;

Rs
is

(1) SOR*;

(2) SR»;

(3) C^alkanoyloxy;

(4) COOB; or

(5) substituted or unsubstituted phenyl; and

A is

26
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(1) Ci.6a^anoy4;

(2) hydrogen;

(3) SO,R s
;

(4) -CH,OAc; or

(5) SO 3 M*.

8. The use of Claim 5 wherein the active com-

pound is:

(a) 1 -acetyl-4-methy lsulfinylazetidin-2-one;

(b) 1 -acetyl-4-acetoxyazetidin-2-one:

(c) 4-acetoxy-3-ethyiazetidin-2-one;

(d) 1 -acetyl-4-acetoxy-3-ethylazetidin-2-one;

(e) 1 -acetyl-4-acetoxy-3-n-propylazetidin-2-one;

(f) 3-phenyl-4-ethoxycarbonylazetidin-2-one;

(g)
4-benzyloxycarbonyl-1 -p-

nitrophenylsulfonytazetidin-2-one;

10

15

20

25

(h) 1-acetyl-4-acetoxy-3,3-dimethylazetidin-2-

one;

(i) 3-phenyl-4-ethoxycarbony I- 1 -p-

nitrophenylazetidin-2-one;

(j)
1-acetoxymethyl-3-n-propyl*4-p-

nitrophenylsulfinylazetidin-2-one;

(k) 4-acetoxy-3-n-propyla2etidin-2-one-l -sulfon:c

'acid tetra(n-butyl)ammonium salt;

(I) 4-ethoxycarbony I- 1 -p-nitropheny Isulfony l-3-

vinylazetidin-2-one;

(m) 4-ethoxycarbonyl-3-ethy 1-1 -p-

nitrophenylsulfonylazettdin-2-one;

(n) 4-ethoxycarbony I-3-ethyl- 1 -p-

methyiphenylsulfonylazetidin-2-one;

(o) 4-ethoxycarbonyl-3-n-propy I- 1 -p-

nitrophenyisulfonyiazetidin-2-one;

(p) 3-allyl-4-ethoxycarbonyM -p-

nitrophenyisulfonylazetidin-2-one; or

(q) 4~p-nitrophenyl-3-vinylazetidin-2-one.

9. A compound of formula

30

R ^

O^—:\

(i)

wherein:

R is hydrogen or Ci.3alkyl;

R' is

(1) hydrogen;

(2) d.«alkyl:

(3) C-ealkoxy;

(4) C ^atkenyl; or

(5) substituted or unsubstituted phenyl;

R 2
is hydrogen;

40

45
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55

R3
is

(1) SRS
;

(2) SORs
:

(3) Ci-eaJkanoyloxy;

(4) COOB or CONBB, wherein B and B, indepen-

dently represent

(a) H;

(b) straight or branched alky! having from 1 to 20

carbon atoms;

(c) aryl having from 6 to 10 carbon atoms;

27
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(d) cycloalkyl having from 3 to 8 carbon atoms;

(e) straight or branched alkenyl having from 2 to 20
carbon atoms;

5
(f) straight or branched aikynyl having from 2 to 20
carbon atoms;

(g) aralkyi. alkaryl. aralkenyl. aralkenyl, alkenylaryl
or alkenylaryl wherein alkyi. aryl, alkenyl and al- ;o
kynyl are as previously defined;

(h) heteroaryl;

(I) heteroarylalkyl;

0) heterocycfoalkyl;

(k) heterocycloaJkenyl;

TS

20
the above groups (a)-(k) can be unsubstituted or
can be substituted by one or more radical R*
selected from the group consisting of loweralkyl,
hydroxy, alkoxy. halo, nitro. loweralkylthio. arylthio.

mercapto. amino, monoalkyl or dialkyl. substituted 25
amino, cyano. carboxy. loweralkanoyl, aminosul-
fonyl. aminolsulfenyl. aminosuffinyl. carbamoyl, car-
bamoyioxy. -S(0)nR\ SO,R\ -P(0)QR* where q is 1

or 2. and R* is H, Ci* aikyl or aryl as previously
defined, azido. carboxamido or N-substituted car- 30
boxamido;

(3) -S(0)nB:

(4) -S(0),NBB,;

(5) «N(B)S(0),B.;

(6) -P(0)q BB,;

(7) -C(0)B;

(8) -OB;

(9) -C(0)NBB,;

(10) -O-<C0)-B;

(11) cyano; or

(12) -S-C(0)-B:

A is (1) -0-C(0)-B;

(2) -S(0)nB;

35
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(3) -SfO^NBB,;

(4) -C(0)B;

(5) S0 3-M* where in M represents (a) an alkali

anion: or

(b) a quaternary ammonium group of formula N*-

(6) substituted or unsubstituted phosphate or
phosphonyl;

(7) -(CO)NB.B,;

(8) -C(0)BB;

(9) haJo C^alkyl;

(10) halo;

(11) -OB;

(12) silyl;

(13) B;

(5) substituted or unsubstituted phenyl; and A is

(1) d^aikanoyl;

(2) hydrogen;

(3) SO»R5
;

(4) -CH,OAc; or

(5) SO ^ M*-

10. The compound of Claim 9 wherein the com-
pound is:

(a) 1 -acetyl-4-methylsulfinylazetidin-2-one;

(b) 1-acetyl-4-acetoxyazetidin-2-one;

(c) 4-acetoxy-3-ethylazetidin-2-one;

(d) 1 -acety!-4-acetoxy-3-ethylazetidin-2-one;

(e) 1 -acetyl-4-acetoxy-3-n-propylazetid!n-2-one;

(f) 3-phenyl-4-ethoxycarbonylazetidin-2-one;

(9) 4-benzyloxycarbonyM-p-

28
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nitrophenyisulfonylazetidin-2-one;

(h) 1 -acetyM-acetoxy-3.3-dimethylazetidin-2-

one;

(i) 3-phenyl-4-ethoxycarbonyM -p-

nitrophenylazetidin-2-one;

(j)
1 -acetoxymethyl-3-n-propy l-4-p-

nitrophenylsulfinylazetidin-2-one;

(k) 4-acetoxy-3-n-propylazetidin-2-one-l -sulfonic

acid tetra(n-butyl)ammonium salt;

10

vinylazetidin-2-one;

(m> 4-ethcxycarbonyl-3-ethyl-l -p-

nitrophenylsulfonyla2etidirv2-one;

(n) 4-ethoxycarbonyl-3-ethyl-l -p-

methylphenylsuifonyla2etidin-2-one;

(o) 4-ethoxycarbonyl-3-n-propyl-1 -p-

rtitrophenylsuifonyla2etidin-2-one;

(p) C^aHyM-ethoxycarbonyl-1 -p-

nitrophenylsulfonylazetidin-2-one; or

(!)
4^thoxycarbony!-1-p-nitrophenylsulfonyt-3- is (q) 4-p-nrtrophenyl-3-vinyla2etidin-2-one.

20
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